INTRODUCTION
During the 1950's, radiocesium was scavenged from aqueous nitratecontaining wastes to obtain additional waste storage space at the Hanford site. The radiocesium was scavenged by adding sodium or potassium ferrocyanide and nickel sulfate to waste from the uranium recovery process. In this scavenging process, the cesium in the supernatant of this waste stream was precipitated as cesium nickel ferrocyanide [NiCs,Fe(CN) 1. existed in this waste stream; therefore, the primary constituent of the precipitate from this process was sodium nickel ferrocyanide. Often strontium was also scavenged from the supernatant. strontium, the concentration of the long lived radioisotopes was sufficiently 'reduced in the supernate that the supernate could be transferred to cribs on the Hanford site. storage space in these underground tanks. After the radiocesium scavenging processes were completed and storage space was obtained, other waste types were added to those tanks which contained the ferrocyanide precipitates. These tanks have been declared an unreviewed safety question (USQ) because of potential thermal reactivity hazards associated with the ferrocyanide compounds and nitrate and nitrite.
Cyanides are strong reductants and are known to react explosively with nitrates, nitrites, chromates, and other strong oxidants. The explosive behavior of cyanides with nitrates and nitrites has been reported for many years (Hepworth et al. 1957 , Cooper 1957 , and Sax 1957 and is the basis for an Austrian explosives patent (Eiter et al. 1954 Schmidt and Stedwell 1954) . Actual tank waste samples were retrieved from tank 241-C-112 using a specially designed and equipped core-sampling truck. method is used to preserve waste stratification, collect samples within 3 inches of the bottom of the tank, minimize the radiation exposures and potential for releases of radioactive materials, and prevent any thermal or spark initiation of ferrocyanide reactions. The core sampling truck obtain samples in samplers which are 19" in length and 7/8" in diameter with a volume of 190 ml. Each sample is identified as a segment with the first sample being obtained from the top of the tank. Successive 19 inch samples are obtained until the entire tank depth has been sampled. needed from Tank 241-C-112 to characterize the entire depth of the waste in this tank.
Two 19 inch segments were
The tank waste samples were transferred to a shielded radiochemistry facility (PNL's High-Level Radiochemistry Facility also called the 325-A HotCell facility) which was designed to handle highly radioactive material. The samples were retrieved from the core sampler and processed as shown in Figure  1 . During this process the tank sample was subsampled at 4.75 inch long intervals along the core. four of these samples are taken from a 19 inch segment. then analyzed for chemical and radiochemical composition, physical properties, and thermal behavior. was analyzed more extensively than the quarter segments. performed on the quarter segments and core composite are given in Table 1 .
These samples are called quarter segments, since
These samples were A composite of the entire core was also prepared which The analyses
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Only a small portion of the data obtained from this characterization The characterization data for this effort will be reported in this paper. tank has been reported in three core data reports by SG . This report will deal primarily with the cyanide and carbon analyses, thermal analyses, and limited physical property measurements.
Total cyanide analyses was performed using a microdistillation method which was modified for use in shielded radiochemistry facilities. The sample was dissolved with a solution 0.17 M in EDTA and 0.83 M in ethylenediamine. The dissolved sample was then distilled with a H2S0,/MgS0 releasing solution, and a NaOH trap solution. The distillation was performed at a temperature of 125°C. The distillate was then analyzed for cyanide using an argentometric titration. samples where the concentration of total cyanide is greater than approximately 0.1 weight percent. 20 pg cyanide.
The total cyanide analyses method is effective for waste tank
The detection limit for this procedure is approximately
Carbon analyses including total carbon, total organic carbon, and total The CO, was swept to a coulometry detector with an 0 , carrier gas. The inorganic carbon was performed using a hot persulfate method. were acidified with heated sulfuric acid converting the inorganic carbon to CO,. organic carbon was then converted to CO, with potassium persulfate and a silver catalyst.
The samples
The CO, was measured in the same manner as used to determine i Y U -FIGURE 1. Tank 241-C-112 Core Sample Flowsheet i the inorganic carbon. The total carbon was calculated as the sum of the inorganic and organic carbon concentrations or was measured directly by initially adding the heated sulfuric acid, potassium perstllfate, and silver catalyst to the sample in a one step process. With this method both the inorganic and organic carbon in the sample were oxidized to CO,.
Scann i ng t hermograv ime try (STG) and d i f feren t i a1 scann i ng cal ori metry (DSC) were performed on the homogenized quarter segments and the core composite sample. These two thermal analysis techniques are useful in determining the thermal stability or reactivity of a material. heat released or absorbed while the temperature of the sample is increased at a constant rate. the sample is increased at a constant rate. measure isothermal changes in the material. Table 2 . The activities of from these same samples are also reported in If all of the measured organic carbon concentration was in the form of The data in Table 2 indicates that the measured total organic carbon Limited concentration decreases as one approaches the bottom of the tank. data on the nickel concentration in the tank also indicates a signifi,cant decrease in the nickel concentration near the bottom o f the tank. The thermal analysis data from core 36 also indicates that the ferrocyanide concentration at the bottom o f the tank is substantially lower than near the surface of the waste. core 36 where the measured total organic carbon concentration and 137Cs activity decrease near the bottom of the tank.
This trend in ferrocyanide concentration is particularly obvious for
The concentration of free cyanide (approximately 0.1%) in the tank as shown in Table 2 is significantly lower than the ferrocyanide concentration estimated from the total' organic carbon measurements, but is still substantial in the these tank wastes.
Water leach data on these samples indicates that only a minimal amount of the iron, nickel, and Cs present in the tank samples i s soluble. The fact that the Cs is not soluble indicates that most of cesium in these solids is complexed. nickel ferrocyanide.
It is expected that this cesium is complexed in the form of cesium
Total cyanide analysis was performed on a single sample obtained from Five aliquots from this tank (quarter segment 20 from core 34) due to the developmental nature of this method and the limited amount o f sample available. this sample were analyzed using the ethylenediamine/EDTA dissolution and microdistillation method. The total cyanide present in this sample was 0.45 k 0.06 wt%. This concentration compares well with the measured organic carbon concentration for this quarter segment (0.15 wt% as carbon or 0.33 wtX as cyanide with no correction for percent recovery). The total-organic carbon o f this sample was also measured using the combustion method at 1000°C. The carbon concentration obtained from this measurement was 1.12 f 0.16 wt% carbon or 2.5 wt% cyanide if all the carbon were cyanide. Two simulated ferrocyanide containing wastes o f known concentrations were also analyzed by this method. The analysis of these simulated wastes indicated that this method produces cyanide recoveries between 90 and 96%. When the core sample was spiked with these simulated ferrocyanide wastes and a potassium ferrocyanide of known concentration the percent recoveries were between 83 and 96%. concentration in this sample may be biased 15 to 20% low.
These recoveries indicate that the total cyanide
Differential scanning calorimetry (DSC) and scanning thermogravimetry (STG) were performed in duplicate on each of the samples obtained from tank 241-C-112. In the DSC scans and STG thermograms of these samples several transi tions were observed. enthalpy for each of these transitions is given in Table 3. ferrocyanide containing waste samples have also been analyzed by these thermal techniques. The results from these non-radioactive samples indicate that the oxidation of ferro-and ferri-cyanide by nitrite and/or nitrate is a complex series of reactions (Burger et al. 1991 ). An example of the DSC scan and STG thermograms of these materials is given in Figure 2. The temperature range, onset temperature, and
Many ferro-and ferri-cyanide compounds as well as simulated
The first transition observed in the samples from tank 241-C-112 is an endotherm that begins at the lower temperature limit of the analysis (30°C) and is essentially complete by about 240°C. This transition can be divided into at least three transitions, but these transitions are not always resolvable. are the release of bulk and interstitial water, and waters of dehydration. The majority of energy and weight loss in this region occurs between 30 and 170°C.
larger exhibited by any of the other transitions. This is due to the large amount of water associated with these waste samples.
The most likely reactions occurring in this region (30 to 240°C)
The enthalpy and weight loss associated with this transition is much An exothermic transition is observed over the temperature range from 290 to 350°C with an average onset temperature of about 290°C. this transition is approximately -12 J/g of sample. compared to the enthalpy for the first transition (= 1000 J/g of sample).
400°C. J/g.

The enthalpy of This enthalpy is small
The final transition is observed over a temperature range from 300 to This transition is endothermic with an enthalpy of approximately 30 The onset temperature for this transition ranges from 300 to 330°C. Similar behavior has been observed in previous thermal analysis studies of Cs,NiFe(CN), and Na NiFe(CN),. crushed dried materia?; therefore, the water loss endotherm was not as large as was observed in the C-112 core samples. The concentration o f the Cs,NiFe(CN), and Na,NiFe(CN), was also much higher in the previous studies, so the weight changes and enthalpies observed were much greater. The small enthalpies for the ferrocyanide transitions are indicative of low concentrations of ferrocyanide. the chemical and radiochemical analyses. As can be seen in Table 3 The weight loss observed over the from 30 to 500°C is reported in Table 4 . temperature range of the first endothermic transition is a measure of the water associated with these samples. transition ranges from 40 to 60% indicating that these tank waste samples contain a significant amount of water. increases the safety of this tank. A small weight gain is observed in some o f the quarter segments from both cores 34 and 36, while other samples exhibited no weight change or a small weight gain. the simulated ferrocyanide containing waste materi a1 s.
Both weight gains and weight losses were also observed in
CONCLUSIONS
The data obtained from the characterization of waste from tank 2 4 1 4 -1 1 2 indicates that the concentration of ferrocyanide in this tank is low (< 2.5 wt% cyanide). homogeneously distributed throughout the tank, and it appears that a heel containing low concentrations of ferrocyanide may exist in this tank. Significant water (40 to 60 wtX) is present in this tank which increases the safety of the ferrocyanide material in this tank.
The data also indicates that the ferrocyanide is not 
